The aim of this paper is to evaluate the way in which capital infl uences profi tability of banks and exposure to risk in seven European countries: Austria, Bulgaria, Greece, Italy, Romania, the Netherlands and Hungary. Based on previous studies, we developed a model of simultaneous equations to analyse the relation between capital, risk and performance. The model includes 68 banks and covers the period between 2006 and 2011. In addition, estimations have been made for the three capital ratios (own capital ratio, tier 1 ratio and capital adequacy ratio) for each country included in this study. The obtained results have revealed the existence of a negative relationship between capital and taken risks and a positive relationship between capital and profi tability, as well as between risk and profi tability.
Introduction
Capital regulation is one of the most important instruments of ensuring bank prudence and therefore its economic stability. This is why, as a result of recent fi nancial crisis, regulating bodies have adopted new, stricter capital requirements -Basel III Framework. Both for specialized literature, authorities and also for specialists, concerns related to the adoption of new standards have been of utmost importance resulting in a series of empirical studies. However, the effects of adopting new measures of bank capital adequacy are diffi cult to quantify.
With the introduction of regulated capital, studies have focused on analysing the relationship between capital and risk, capital and profi tability or risk and profi tability. As one can notice, the relationship between these variables is usually analysed as a pair.
Taking all these aspects into consideration, our study aims to identify the way in which capital ratio infl uences the profi tability of banks and their exposure to risks. Therefore, to assess the existent relationships between capital, risk and profi tability, we have developed *1 Irina Raluca Busuioc Witowschi, Technical University "Gheorge Asachi" of Iaşi (iwitowschi@yahoo.com); Florin Alexandru Luca, Technical University "Gheorge Asachi" of Iaşi (fl orin.alexandru.luca@gmail.com).
an economic model that analyses simultaneously the existent relationships between these variables. The system of simultaneous equations developed by Shrives and Dahl (1992) has been used as a starting point. The analysed panel covers 68 banks from countries of the European Union, banks that are subject to the same capital adequacy. Countries included in the study are Austria, Bulgaria, Greece, Italy, Romania, the Netherlands and Hungary and it covers the period from 2006 to 2011. Another contribution of this study is that it brings new evidence on the relationship among the three variables using a new set of data on European banks. Moreover, estimations have been made for the three capital ratios for each country included in the study. Therefore, this study offers a new insight into the infl uence of capital ratios on profi tability and exposure to risks of banks.
The rest of the paper is structured as follows. Section 2 reviews literature on existing relationships among capital, risk and profi tability. Section 3 describes the empirical model which includes a system of simultaneous equations for estimating the links among the three variables. Section 4 presents the empirical results and Section 5 the conclusions.
Literature Review
The adoption of Basel I Framework has been an important moment in the regulation of the activity of banks. The regulators imposed mandatory capital requirements designed to provide both a cushion during negative economic conditions and a mechanism to prevent banks from excessive risk taking. Thus, specialized literature tried to answer the question whether setting a minimum level would determine banks to reduce their exposure to risks. There are various theories that issue confl icting predictions about the infl uence of capital on profi tability of banks and how banks should adjust their risk.
The results of these studies are contradictory (for example, the studies conducted by Shrieves and Dahl, 1992; Jacques and Nigro, 1997; Aggarwal and Jacques, 2001; Rime, 2001; Matejašák, Teplý and Černohorský, 2009; Jokipii and Milne, 2011) .
According to the moral hazard theory, in the light of the capital regulation, banks will be forced to increase their capital and they will react by also increasing the allocation of risky assets.
Applying a system of simultaneous equations, Shrieves and Dahl (1992) have analysed the impact of capital regulation on the decision to take risk of 1800 American banks from 1983 to 1987. The result shows the existence of a positive relation between the changes of own capitals and risk. The positive relation has been also confi rmed by studies conducted by Rime (2001) in Switzerland, Matejašák, Teplý and Černohorský (2009) in the USA and the EU-15 indicating that banks that have built up capital have, at the same time, also increased risk. Shrieves and Dahl (1992) argue that the effi ciency of capital regulations based on risk depends on how well the regulations refl ect the real exposure of banks to risk, this being connected to a series of assumptions on the unintended effect of minimum capital requirements, regulation costs and manager's risk aversion. Thus, they show that, according to the bank bankruptcy cost avoidance theory, the banks will tend to increase their capital along with the function of the bankruptcy opportunity. Furthermore, according to the proposition of managerial risk aversion theory, in case of bank default, management will increase bank capital to avoid shareholders from suffering losses.
In contrast to these, Jacques and Nigro (1997) found a negative relation between changes in capital and risks. These showed that the introduction of banking capital regulation in the USA led to high capital ratios and decrease in risk exposure of banks for both capitalized and under-capitalized banks.
The capital buffer theory suggests that banks tend to hold more capital than required as an attempt to avoid market discipline and supervisory intervention. Therefore banks with appropriate capital levels to the minimum capital requirements will increase their capital and lower their risk levels while banks with a large capital buffers will increase their levels of risk along with their capital buffer level.
Recent research conducted by Jokipii and Milne (2011) in some holdings and commercial banks in the US between 1986 and 2006 regarding capital buffers and adjustments for portfolio risks have shown the existence of a positive relation in two directions. Thus, highly capitalized banks adjust the capital reserve and risk in a positive way, while for other banks the result is negative.
The positive relationship between change in capital level and portofolio risk is also supported by agency theory that explains the different risk preferences between owners and managers. Saunders, Strock, and Travlos (1990) suggest an agency problem between managers who also hold capital of the bank and outside investors, who only hold capital without being managers. Bank loan portfolios seem to be less risky when managers own a suffi cient fraction of the bank's equity and more risky when banks are controlled by their outside stockholders.
The implications of banking capital regulation are complex and not easy to quantify. Therefore, other studies have focused on analysing the link between capital regulation and profi tability and between taking risks and profi tability.
Profi tability may have a positive effect on bank level capital if banks increase their capital through retained earnings rather than through equity issues. The positive relationship between capital and profi tability is confi rmed by: Berger (1995) , Jacques and Nigro (1997) , Demirgüç-Kunt and Huizinga (1999) . But a rise in capital ratio increases equity and therefore may reduce expected return required by investors from where the negative relationship is obtained. Molyneux and Thornton (1992) discovered that capital ratio infl uences performance of banks in a positive way, even though such a relation is limited only to state banks. Berger (1995) analysing the relation between return on own capital and capital ratio in some US banks between 1983-1992 notices a constant positive relation in the 1980s but not at the beginning of the 1990s. On the other hand, Goddard, Molyneux, and Wilson (2004) analysing the growth dynamics and the profi tability of the European banking system from 1992 to 1998 notice that banks that maintain a high capitals or current ratio tend to have a relatively low return on capital and slow growth. In Egypt, Naceur and Kandil (2009) analyse effects of capital adequacy for two specifi c indicators of performance: cost of intermediation and profi tability. They show that an increase of capital determines a growth of the intermediation cost and results in higher profi tability of assets and capital with effects that are not sustainable on long term. Trujillo-Ponce (2012) examining profi tability of banks in Spain, from 1999 to 2009, concludes that higher capitalization had a positive impact on the average return of assets and a negative impact on the average return of capital.
On the other hand, if capital is regarded as expensive due to capital market imperfections and fi scal advantages of debt, banks will have incentives to take more risks to generate a higher return on equity, the higher the capital. Athanasoglou, Brissimis and Delis (2005) While the above mentioned studies focused mainly on the relation between capital and risk, capital and profi tability or risk and profi tability, we notice that there are few studies that underline the relations among the three variables: capital, risk and profi tability. Just after the recent fi nancial crisis, researchers have started to be concerned with the analyses of these. The fi rst study was conducted by Kwan and Eisenbeis (1995) that confi rms that the three variables are estimated simultaneously. Thus, they show that both effi ciency and capital are relevant determining factors in assuming risks and moral hazard. Altunbas, Carbo, Gardener and, Molyneux (2007) found that ineffi cient European banks own more capital and take lower risks. In the case of cooperative banks, the conclusions show that the capital is inversely proportional to risks and that ineffi cient banks own lower levels of capital. For commercial banks, the results show a positive relation between risks and capital.
Results obtained by Deelchand and Padgett (2009) on 263 Japanese cooperative banks confi rm the belief that risk, capital and ineffi ciency are estimated simultaneously. These determine the existence of a negative relation between risk and capital showing that ineffi cient Japanese cooperative banks seem to operate with higher capital and take more risks. Fiordelisi, Marques-Ibanez and Molyneux (2010) analysing 26 EU banks between 1995-2007 fi nd that low levels of effi ciency suggest higher future risks but the improvement of bank effi ciency tends to consolidate capital levels of banks. Tahir and Mongid (2013) state that in the case of ASEAN banks, the effi ciency of banking costs is the basis for bank capital and risk taking. Also, Tan and Floros (2013) evaluated the relation among effi ciency, risk and capital for a set of Chinese commercial banks. The results show the existence of a positive relation between risk and effi ciency, while the relation between risk (Z-score) and capitalization is negative.
Data and Methodology

Data
Data for the empirical model on gross domestic product (GDP) and consumer price index (CPI) have been obtained from the Eurostat database and on bank indicators from Bankscope Bureau van Dijk and they cover the period between 2006-2011.
The countries included in the study were: Romania, Austria, Bulgaria, Greece, Italy, the Netherlands and Hungary. The principle that was used for the selection of these countries was the presence of foreign capital in the Romanian banking system. Thus, the fi rst 5 countries with shares in the Romanian banking system were selected for 2011, to which we added Bulgaria for comparability.
Out of these countries, just the fi rst 15 banks were selected depending on the size of their assets. Nevertheless, due to incomplete data, just 68 banks were included in the analysis. These banks include commercial banks, holdings, saving houses, mortgage and cooperative banks. 
Methodology
As we have seen, the specialized literature analyses in pairs the variables under discussion: the capital, profi tability and risk. This study starts from the idea that simultaneous equations developed by Shrives and Dahl (1992) which analyse the relation between the level of capital and risk. Contrary to this approach, we will extend the model in order to analyse simultaneously the three variables: the capital, profi tability and risk. 
where subscripts i, t denote bank i, and year t.
Dependent variables
Capital (CAP): capital is represented by capital ratios subject to bank regulation: own capital ratio / fi rst degree own capital ratio / capital adequacy of capital. Risk (RISK): Defi ning bank risk is diffi cult, specialized literature offers a set of alternatives, all are subject to criticism. In this study, we opted for a relation between riskweighted assets and total assets. This measure of risk is used in the studies of Shrieves and Dahl (1992) , Jacques and Nigro (1997) , Aggarwal and Jacques (2001) , as well as by regulating bodies in compiling guidelines in capital.
Profi tability (PROF): The most common measure of bank performance is profi tability, generally expressed by ROA and ROE. Our study using RO(A)A takes into account that banks struggle to improve their profi tability in order to raise capital.
Selection of variables specifi c to banks
Bank size (in assets): is given by the value of assets, our study uses as an indicator natural logarithms of total assets. This variable is important as the assets are closely connected to capital. A bank with a huge level of assets can easily diversify its portfolio and, therefore, reduce its risk exposure. Also, this variable covers the size of savings and diseconomies of scale.
Net interest margin (NIM): expresses the ability of a bank to cover the costs of intermediation. A low margin can refl ect high expenses with interests due to dependency on short-term liabilities and a prudent attitude of bank resulting in lower interest income. A high value of this indicator can be a result if there is a signifi cant spread of interest between bonus interest of attracted resources and the interest on loans. Also, a high net interest margin can be the result of an increased volume of given loans, refl ected in a higher share of interest income. In this case, we can assume that banks adopt a risky behaviour.
Provisions for loan losses (LLP): This indicator can also be used as a proxy for the quality of assets. Provisions are used to cover recorded or anticipated losses. If loss increases, banks will have to allocate additional capital to reduce risk exposure.
Non-performing loans ratio (NPL): NLP ratio in total loans refl ects the quality of loan portfolio in bank balance expressing at the same time bank's ability to distribute risks and recover outstanding loans.
Cost/Income Ratio (CIR): Ratio of operating expenses to operating income expresses the ability of banks to control operating costs being an indicator that measures the quality management. The lower the values of CIR, the higher the banks effi ciency.
Factors of macroeconomic determinants: to capture the effect of macroeconomic environment on banks, we have used the annual growth ratio of the gross national product from each country (GDP), as well as the infl ation ratio for each country measured by means of consumer price index (CPI).
It is considered that during economic growth the demand for loans grows and therefore the profi t of banks grows. The level of non-performing loans decreases during this period and lending criteria are more relaxed.
Also, high rates of infl ation are associated with high interest rates and, therefore, with higher income. If banks do not react to infl ation and do not adjust their interest rates then profi tability may take a downturn.
Empirical Results
Estimation of the model was carried out by means of system fi t package available in R using SUR estimation, developed by Zellner (1962) . The method analyses a system of simultaneous equations between capital, risk and profi tability. Equations are estimated using the three capital ratios (own capital ratio, tier 1 ratio and capital adequacy ratio) obtaining sets of results for each equation.
The results of profi tability (Equation (1)) at the country level for the three types of capital ratios are presented in the Table 2 and 3. Analysing the variables of the equation for each country, we can see that capital has a signifi cant impact on the profi tability of banks in case of Hungary, the Netherlands and Greece measured by ROAA (i.e. return on average assets). Also in case of Romania, it is positive for own capital ratio and the capital adequacy but it is insignifi cant statistically. These results are similar to those of Berger (1995) , Athanasoglou, Brissimis and Delis (2005) and Staikouras and Wood (2004) . According to Barrell, Davis, Fic and Karim (2011) , a positive impact on bank performance underlines the benefi ts of high level of bank regulation.
The positive relationship between capital and profi tability is not surprising and implies that high profi tability may drive higher capital ratios since profi ts are a source of capital.
In case of Austria, the relation is signifi cantly negative for all three capital ratios. Negative relations mean that banks consider the current capital being higher than the optimal, therefore any increase of bank capital should result in a negative return.
In case of Bulgaria and Italy, the results are mixed meaning that the relation is a positive in case of capital adequacy ratio and own capital ratio, and inverse for the other ratio.
Regarding the relation between profi tability and risk, we observe that in case of Romania, the relation is positive and statistically signifi cant for all three capital ratios. This result indicates the fact that Romanian banks take risks in order to generate profi t. Also, in case of Hungary and Bulgaria, we observe a positive relation contrary to Austria, Greece and Italy, where the relation is negative but generally statistically insignifi cant. The positive relation is consistent with Saunders, Strock, and Travlos (1990) and Altunbas, Carbo, Gardener and, Molyneux (2007) 
market, the negative results can be related to market structure, which refers to the degree of market concentration. Thus, profi tability is determined by capital and size meaning that more capital is required. Net interest margin has a negative relation in case of Romania and Greece, contrary to other countries which have a positive relation. This means that the two countries have reduced signifi cantly their margins, thus the ability of banks to earn net interest income with their interest-earning assets and their ability to generate profi t with their total assets have been decreasing. Regarding the two macroeconomic variables used, namely, the annual growth ratio of GDP and the rate of infl ation measured by CPI, we notice that the relation between profi tability and the annual growth ratio of GDP is negative in Romania, while the infl ation relation is positive. We fi nd the same relation in case of Greece, while in case of the Netherlands, Austria and Italy we fi nd an inverse relation, that is negative for infl ation and positive for the annual growth ratio of GDP. In case of Bulgaria and Greece, the relation is positive for both variables. Infl ation rate and GDP growth rate affect the bank profi tability depending on economic conditions prevailing in that country. In case of the Netherlands, Austria and Italy having a matured fi nancial market the positive relation shows that rapid economic growth increases profi tability. This result is consistent with the results of previous research (Demirgüç-Kunt and Huizinga, 1999) . Also, a negative relation between infl ation and profi tability means that the banks that have not anticipated infl ation would not adjust rates timely, and the overhead costs would rise quicker than the infl ation resulting in poor profi ts.
Finally, the relation between profi tability and cost effi ciency is negative for all analysed countries. Poor expenses management is the main contributor to poor profi tability. The result is in line with the study of Kosmidou, Pasiouras, Doumpos and Zopounidis (2006) , Pasiouras and Kosmidou (2007) , Trujilo-Ponce (2012) .
And also the size of bank measured by means of the volume of assets has different results. Thus, for Hungary, Austria, Romania and Italy the relation is negative being in line with the results of Naceur (2003) . The result can be explained by economies of scale. For the Netherlands, Bulgaria and Greece, the relation is positive, similar to the results of Iannotta, Nocera, and Sironi (2007) . The results of the risk (Equation (2)) by country for all three types of capital ratios are presented in the Table 4 and Table 5 . Source: author's calculations (signifi cance of 99%, 95%, 90% is indicated by ***/**/* )
Variables of risk equation show that capital has a signifi cantly negative impact in most analysed cases. So, growth of one per cent of the capital adequacy ratio leads in case of Romania to a decrease by 0.01 of risk-weighted assets to total assets. This could mean that banks maintain the same capital decreasing risky assets in order to fulfi ll the minimum capital requirements or they diversify their product and services portfolio.
Another explanation as suggested by Shrieves and Dahl (1992) is that a negative relationship may exist between capital and risk adjustments if banks seek to exploit the deposit insurance subsidy.
Profi tability has a positive relation but it is insignifi cant in case of Romania, Hungary and the Netherlands and negative in case of Bulgaria, Austria, Greece and Italy.
Regarding non-performing loans ratio, in case of Romania we have not found a connection, while the provisions for non-performing loans have a negative relation, statistically signifi cant only in case of own capital. In general, the two variables have no signifi cant relations. Hungary and Italy are exceptions with a negatively signifi cant relation in case of non-performing loans and Hungary and Italy have a signifi cant positive relation in case of provisions for non-performing loans. The size of the bank shows an insignifi cant positive relation in case of Hungary, Bulgaria and Romania and a negative one in case of the Netherlands, Austria, Greece and Italy. The negative relation between size and risk suggests that higher equity banks take on lower levels of risk. Also, this can be justifi ed by diversifi cation as it is assumed that big banks will have lower risks being able to have diversifi ed portfolios.
Results of the Equation 3 of capital changes for all three types of capital ratios are presented in the Table 6 and 7. The measured impact on profi tability is positive for Austria and statistically signifi cant for Hungary, the Netherlands and Greece. In case of Romania, it is negative. The same is found in case of Bulgaria and Italy, though insignifi cant statistically.
As we have expected, the relation between capital and risk is signifi cantly negative statistically for all the countries, except for Italy, in case of own capital ratio and tier 1 ratio, which means banks that take a high risk also have high capital.
Regarding the relation between capital and the quality of assets, we observe a signifi cant positive relation for LLP in case of Romania and Austria. NPL has also a positive relation in case of Romania together with Bulgaria and Austria. Loan losses have a positive effect on capital because if losses increase, banks will increase regulatory capital to reduce the risk (Athanasoglou, 2011) . On the other hand, loan loss provisions lower a nominal amount of the risk-weighted assets and therefore it is expected to negatively affect bank risk.
The size of the bank has a negative impact in case of Austria, Greece, Romania and Italy, and a positive impact in case of Hungary, the Netherlands and Bulgaria. The negative relation between risk and size is found in countries with a matured banking market and which have easier access to capital markets and therefore they can operate with lower amounts of capital, except Romania, which has to face fi erce competition. 
Conclusion
This paper contributes to specialized literature by the empirical analysis of the infl uence of capital on profi tability of banks and their exposure to risk. We have adopted a model of simultaneous equations, in which capital, risk and profi tability are included in dependent variables. The model has been applied to 68 EU banks (Austria. Bulgaria. Greece. Italy. Romania, the Netherlands and Hungary) for the period from 2006 to 2011. A special contribution has been brought by the measurements for simultaneous equations for the three capital ratios: equity capital ratio, tier 1 ratio and capital adequacy ratio.
The evidence reveals differences between these seven banking sectors, during the sample period. These differences refl ect different market conditions. Our results show there is a negative relation between the capital and the taken risks for all countries. The negative relation between capital and risks, when we consider taking moral risks, means that an increase in the riskiness of bank asset portfolio erodes the bank capital. Therefore, banks would reduce their riskiness in order to increase capital.
Profi tability seems to have a signifi cant positive infl uence on capital in the Netherlands. Greece and Hungary as well as between risk and profi tability in the Netherlands. Hungary and Romania.
The positive relation between the capital ratios and profi tability leads to the conclusion that banks that generate profi t become better capitalized as a result of capital reinvestment and therefore have higher capital. Banks that reduce operational costs and those that expose themselves to higher risks have higher profi tability. Thus, the model confi rms the assumption that higher risk leads to higher profi t. This result is given by the positive relation between risk and profi tability.
Referring to Romania, the results show a signifi cantly negative relation between capital and risk. The relation between risk and profi tability is positive, while between capital and profi tability, it is negative for own capital ratio and tier 1 ratio and positive for capital adequacy. The results show that Romanian banks have a tendency to take more risks to grow profi tability. Regarding the relation between capital and profi tability, we can assume that less effi cient banks in order to fulfi ll the minimum capital requirement will try to reduce the risk-weighted assets maintaining the same capital and will even diversify their product and services portfolio.
Important policy implications emerge from our empirical results. First, the fi ndings suggest that under different market conditions, capital regulation is an effective supervision tool, our study confi rming that an increase in capital requirements seems to generate decreased risk-taking by banks. Second, this result sheds light on how banks could overcome the regulations on capital and emphasizes the critical role of a joint regulation of capital ratios in relation to bank risk-taking behaviour and the infl uence on bank profi tability.
